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Among 3,548 patients undergoing a percutaneous trans- closure and in the multilesion single vessel group, existence 
luminal coronary angioplasty procedure, 714 had multile- of intimal tearing constituted the most important factor for 
sion angioplasty (1,550 lesions) in a single session. Acute acute occlusion (12 of 16 patients). Closure of vessel per 
occlusion occurred in 22 patients (3.1%) and 29 lesions major coronary system was evenly distributed in the mul- 
(1.9%). The patients were classified into a group undergo- tivessel group, whereas significantly more left circumtlex 
ing multivessel angioplasty (348 patients, 785 lesions) and a vessels closed in the single vessel multilesion group (6.1% 
group undergoing multilesion single vessel angioplasty (366 versus 1.3% in the left anterior descending coronary artery 
patients, 765 lesions). The rate of acute occlusion was and 1.1% in the right coronary artery; p < 0.02). Maximal 
similar in both patient groups. The multivessel angioplasty increase in serum creatine kinase after angioplasty was 
group had a 2.9% rate per patient (n = 10) and a 1.7% rate significantly lower in the single vessel multilesion group 
per vessel; the multilesion single vessel group had a 3.3% than in the multivessel group (563 versus 1,749 U/liter; p < 
rate per patient (n = 12) and a 2.1% rate per lesion. 0.01). 
Five of the 10 patients from the multivessel group with 
acute occlusion, but only 1 of the 12 patients with occlusion 
in the single vessel multilesion group, required emergency 
open heart surgery. No patient in either group died as a 
consequence of coronary angioplasty. Occlusion occurred 
during angioplasty in 15 of the 22 patients, and 1 to 24 h 
after angioplasty in 7 of 22 patients. In the group with 
multivessel angioplasty, acute occlusion during the proce- 
dure was mainly linked with hypotension during the second 
vessel dilation, whereas in this group with delayed vessel 
The multilesion angioplasty procedure is associated with 
acceptable risk. However, with an increasing amount of 
myocardium at risk, procedural risk is higher if more than 
one vessel system is dilated. Staged multivessel angioplasty 
with serial angioplasty on different vessel systems on sepa- 
rate days should be considered if factors predisposing to 
acute occlusion, such as hypotension or intimal tear, are 
present after the first dilation. 
(J Am Co11 Cardiol1989;13:283-8) 
Percutaneous transluminal coronary angioplasty has proved 
to be an effective and safe treatment for patients with a single 
lesion in single vessel disease. The application of angioplasty 
in patients with multiple lesions has developed with in- 
creased experience, technical skill and refined catheter sys- 
tems (1.2). Because the threat of myocardial damage in- 
creases with the number of vessels involved in angioplasty, 
the indications and procedural risk have to be defined 
thoroughly. Acute occlusion occurs with an incidence rate of 
2 to II% (3); the underlying pathogenetic mechanism is still 
unknown (4). In this report, we present clinical data from 
patients who had acute occlusion at one or more angioplasty 
sites during the same day multilesion procedure in one or 
more coronary vessel systems, the frequency of this syn- 
drome and its management. 
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Methods 
Patient selection. From December I, 1980 to October 3 I, 
1986, 3,548 patients undergoing angioplasty at the Cleveland 
Clinic were entered in a central coronary angioplasty regis- 
try. Patients undergoing emergency angioplasty for acute 
myocardial infarction were excluded from this study. Only 
073%1097/89/$3.50 
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Table 1. Baseline Characteristics in Both Groups of 
Patients (n = 714) 
All patients 
Men 
Women 
Lesions/patient 
Multivessel 
No./Mean Age 
348158 yr 
246 (73.6%)/57 yr 
92 (26.4%)/62 yr 
2.26 
Multilesion Single 
Vessel 
No./Mean Age 
366158 yr 
270 (73.8%)/mean 57 yr 
96 (26.2%)/mean 61 yr 
2.09 
stenoses with >50% obstruction were considered for angio- 
plasty. 
Definitions. Acute occlusion was defined as a closure of a 
vessel, during the hospital stay, after an initially successful 
dilation. Acute occlusion cases were counted as successful 
cases if vessel patency could be reestablished with angio- 
plasty and the patient did not experience a Q wave myocar- 
dial infarction or require emergency coronary artery bypass 
surgery. Multivessel angioplasty was defined as angioplasty 
in more than one major coronary system (that is, left anterior 
descending, left circumflex or right coronary artery). Pri- 
mary success was defined as dilation to ~50% diameter 
narrowing and no emergency during the hospital stay. fn- 
timal tear was defined as a linear intraluminal filling defect or 
luminal staining. 
Results 
Patient characteristics (Table 1). Seveti hundred fourteen 
patients (20.1% of the entire study group) underwent multi- 
ple lesion coronary angioplasty at the Cleveland Clinic up to 
October 31, 1986. Of these, 348 patients had multivessel 
angioplasty and 366 had multilesion single vessel angio- 
plasty. No, statistical difference in baseline characteristics 
could be found between these two groups. Approximately 
25% of the total number of patients in both groups were 
women and were slightly older than the men in the study. 
Acute coronary occlusion after angioplasty. Table 2 shows 
the total number of vessel sites dilated and primary success 
rates in each group. We found 10 patients (2.9%) in the 
multivessel group and 12 patients (3.3%) in the multilesion 
single vessel angioplasty group who developed acute occlu- 
sion after angioplasty. Their clinical characteristics are listed 
in Table 3. In the multivessel group, 13 vessels closed 
acutely; the distribution of the vessel closure site was in 
. 
concordance with the vessel sites dilated m this group as a 
whole (Table 4). In the multilesion single vessel group, there 
was a preponderance of closed sites within the left circum- 
flex artery (p < 0.02). 
Acute occlusion in the multivessel angioplasty group (Table 
3). The 10 patients (Cases 1 to 10) in this group could be 
classified into two subgroups according to the onset of 
symptoms. The first subgroup had symptoms during the 
procedure, and the second group had acute occlusion 1 to 9 
h after the procedure. Five of the six patients with symptoms 
during the procedure had acute occlusion of the first vessel 
dilated and hypotension during the angioplasty for the sec- 
ond vessel. Only one of the six patients (Case 10) had acute 
occlusion in the second lesion dilated; in this patient the 
combination of hypotension and a large intimal tear in the 
second vessel dilated may have predisposed to acute occlu- 
sion. In the other subgroup (occlusion after angioplasty; 4 of 
the 10 patients), all patients had a large intimal tear at the 
dilated site before occlusion. Two of these patients also had 
hypotension, potentially as vagal reaction caused by a large 
groin hematoma in one patient (Case 7) and pulling of the 
sheath in the other (Case 8). Three patients (Cases 2, 3 and 
5) had closure of two vessels; in each case, the diagnosis was 
primarily suspected from symptoms and electrocardio- 
graphic (ECG) changes and then demonstrated by angiogra- 
phy. Patient 2 developed chest pain after a vagal reaction 
associated with hypotension. Both vessels closed and fortu- 
nately could be reopened with acute angioplasty. This pa- 
tient developed Q wave myocardial infarction with a peak 
creatine kinase value of ~1,100 U/liter, but reported no 
further angina1 symptoms on discharge 6 days after the 
event. Follow-up angiograms have showed good patency of 
both vessels. Patient 3, who had acute occlusion of two 
vessels that were reopened by angioplasty in the laboratory, 
Table 2. Various Sites of Dilation and Related Primary Success Rate 
Multivessel Multilesion Single Vessel Multilesion 
Primary Primary 
No. % Success (%) No. % Success (%) 
LAD 308 39.2 95.6 455 59.5 97.8 
LCX 242 30.8 91.8 I31 17.1 93.3 
RCA 221 28.2 92.9 I75 22.9 90.6 
SVG 7 0.9 80 4 0.5 100 
LMCA 5 0.6 IO0 - - - 
LIMA 2 0.3 IO0 - - - 
LAD = left anterior descending coronary artery: LCx = left circumflex coronary artery; LIMA = left internal 
mammary artery; LMCA = left main coronary artery: RCA = right coronary artery; SVG = saphenous vein graft. 
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Table 3. Distribution of Multilesion Same Day Coronary Angioplasty (PCTA) by Vessel Combinations 
Gender Lesion Dilated Lesion Closed 
Case & Age Time of Mar CK 
NO. lyrl Date First Second Third First Second Closure Powble Factor\ ~U’hterl Treatment Q-MI 
Coil to 
Occl 
VW Follow-up 
3 
4 
Mhl 
M47 
MS6 
F77 
M59 
M.cY 
1‘74 
M43 
Fh! 
MhO 
FhY 
I! M76 
I! MhO 
14 Mh? 
I.( F4X 
I6 F69 
I7 MZ7 
I8 M63 
I9 F39 
MhO 
Fh9 
FZY 
9184 
70% 
LAD 
809 
IOW 
39 
L.4D 39 
LCx 4X 
LC\ 52 
xoa 75”r 
9OQ ‘H)% 
II!83 RCA 29 DC 44 
X4% 99% 
12185 RCA 29 LAD43 
95% 
LAD 39 lmmed Hypotenclon 
LAD 39 
I.573 
lmmed Hypotenclon I .7x 
RCA 29 LAD44 9 h lntlmal tear I.I(HI 
LCh48 LAD43 LCn4X lmmrd Hvpotenhlon 671 
MCA-OHS, vwel 
reopened unstable 
PTC.4. both reopened 
PTCA. both reopened 
PTCA-OHS. vcc\cI 
reopened. ST 
elevation remained 
MC&OHS. vessel 
None No 
Qlll aVF No 
None No 
QI. aVL Yer 
DC without che\t 
pam (CP) 
X,84 normal. 
repeat MCA 
DC without CP 
DC wthout CP 
4’85 LAD 42 RCA 18 
90% hXc/r 
6’85 LAD 39 LCr 47 
7?n, 75v 
6184 RCA 28 LCx 4X 
9cv XOCf 
7’84 LCu 49 DC 44.1 
LAD 42 RCA 28 lmmed Hypotenwn :.x44 
LAD 39 I h lntimal tear ?.RhO 
RCA 28 hh lntimal tear. I50 
hypertenjlon 
LCX 49 hh lntimal tear. 2.251 
hypotenslon 
LCX 52 lmmed Hypotemion x37 
RCA 28 lmmed Hypotenslon. 754 
QIII.aVF No 
QV, \‘a No 
None No 
NOW NO 
None Ye\ 
NOM No 
None NO 
Dc wthout CP 
Y/85 anteroseptal 
hypokinesla 
DC without CP 
DC wthout CP 
I&h: \Ite\ patent 
DC wthout CP 
DC without CP 
reopened. unstable 
MCA-OHS. vessel 
reopened. reclo\ed 
MCA reopened 
MCA-OHS. ve\\el 
reopened. large tear 
MCA vebsel reopened 
MCA vessel reopened 
Cardiovervon. 
pressor\. IABP. 
repeat MCA both 
opened 
Repeat MCA. 151 
reopened. 2nd no 
attempt 
Repeat MCA. RC3. 2X 
reopened 
82% 61’7 
R/85 LC‘( 52 LAD41 
84% 79% 
.(/Sh LCu 48 RCA 28 
88% 7O? 
4w LC\ 47 LCU 50 
mtimal tear 
LCx 47 LCx 50 lmmed Dissection LCx 473 
h7? h9’; 50. 
hypotenvon 
LCx 50 LCu 49 lmmrd Blfurcatlon h0 
rtenow 
RCA 28 lmmed lntlmal tear I41 
10185 LCU 50 LCU JY 
905T hO’7, 
Ii85 RCA ?R RCA 30 
7% 706 
None NO DC without CP 
None NO DC without CP. 
6%: repeat 
MCA. vessel 
open 
DC III stable 
condition 
5185 LCU 50 LCX 47 
73% WC/r 
LCX 50 lmmed No tear. \pa\m 776 After repeat MCA. 
final closure of LCu 
50. poor previour 
run off. no OHS 
Repeat MCA. ve,\el 
reopened 
Repeat MCA. no 
wccerc. OHS. SVG 
Repeat MCA. vessel 
reopened 
Repeat MCA. vessel 
reopened 
Repeat MCA. vessel 
reopened 
Qll.lll.aVF No 
9185 LAD42 LAD40 
ROB hOv 
!/85 RCA 29 RCA 28 
75% 60% 
IO/U LCT 48 LC\ 50 
99% 65Q 
l/85 LCX 48 LCS 50 
Ii86 LA!?? LA!:9 
XOV (vi 
LAD 42 lmmed No tear YY 
RCA 29 24 h Thrombus, h!3 
mtimal tear 
LCX 48 30 mm. Hypotension. 267 
I” mtimal tear 
lab 
LCx 48 LCx 50 lmmed lntimal tear hX4 
LAD 42 I.( h lntimal tear I .x04 
None No 
None No 
None No 
Dc without CP 
DC without CP 
5186 MCA LCu 
48 aucces5ful 
DC without CP 
!/X6: repeat 
MCA. LAD 
39 + 42. 
bevere. 
anteroapical 
hypokinehia 
DC wthout CP 
Y/X6. no ne& 
i\chrmla on 
ETT 
h&h feel! good 
None No 
None No 
IO/86 LAD 39 LAD42 
55% 71% 
6186 LAD42 LAD43 
LAD 42 
LAD 43 
Immed lntimal tear Y6 
lmmed Spasm. 4x8 
hypotewon 
Repeat PTCA. ves\ 
reopened 
Repeat MCA vess 
reopened 
Repeat MCA. LAD 
44. I, bifurcation 
stenoct\ 
None NO 
None NO 
5iR6 LAD41 LAD42 DC 44.1 LAD42 DG44.1 Immed Spasm. intimal I.245 
9% 99Q 70% tear 
Ql. aVL No 
CK = creatine kinase; Coil = collateral Bow: CP = chest pain: DC = discharged: DG = diagonal branch: ETT = exercise tolerance test: F = female; IABP 
= intraaortic balloon pump; lmmed = immediate; lab = cardiac catheterization laboratory: M = male: Max = maximal: Occl Vess = occluded vessel: OHS = 
open heart surgery: Q-MI = Q wave myocardial infarction: other abbreviations as in Table 2. 
Codes for vessel segments are as follows: Left anterior descending artery (LAD): 39 = proximal any septal perforators or diagonals: 40 = before first septal 
perforator, after first diagonal: 41 = after first septal perforator. before first diagonal; 41 = middle after at least one septal perforator and one diagonal: 43 = distal: 
44.1 = first diagonal. 
Left circumflex artery (LCx) codes: 47 = high lateral marginal: 48 = proximal circumflex in atrioventricular groove: 49 = lateral marginal; 50 = middle 
circumflex in atrioventricular groove: 51 = posterior descending artery from circumflex. 
Right coronary artery (RCA) codes: 28 = proximal one-third: 29 = middle one-third: 30 = distal one-third. 
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Table 4. Distribution of Vessels With Acute Closure of 
Angioplasty (PTCA) Site 
Multivessel Multilesion Single Vessel Multilesion 
No. % N/Total No. % N/Total 
LAD 6 46 1.9 6 31.5 1.3 
LCX 3 23 1.2 8 50 6.P 
RCA 4 31 I.8 2 12.5 I.1 
*p < 0.02 for multilesion single vessel group only. This demonstrates the 
higher incidence of left circumflex coronary artery involvement in acute 
occlusion in patients undergoing single vessel multilesion angioplasty. Nffotal 
= number of vessels with acute occlusion divided by the total number of this 
type of vessel dilated; % = percent of this group of patients; other abbrevi- 
ations as in Table 2. 
did not develop signs of Q wave infarction. Patient 5 
developed refractory ventricular fibrillation and hypotension 
despite reopening of the two closed vessels; therefore, he 
underwent open heart surgery under closed chest cardiac 
massage. Four patients did not develop Q wave myocardial 
infarction nor an increase in creatine kinase of >l,OOO U/ 
liter. Five of the 10 patients (Cases 1,4,5,6 and 8) had to be 
taken to emergency open heart surgery; they all had an 
increase in creatine kinase to > 1,000 U/liter; 3 of them had 
Q wave myocardial infarction (Fig. 1). 
Acute occlusion in the multilesion single vessel group. 
Nine of the 12 patients in this group experienced acute 
occlusion during the procedure. In most, the occluded vessel 
was reopened by repeat angioplasty. Two patients (Cases 12 
and 22) had bifurcation stenosis; in neither was more than 
one balloon system used. Patient 12 with a second obtuse 
marginal branch occluded and Patient 22 with a first diagonal 
branch occluded were clinically stable during and after the 
procedure; therefore, attempts at reopening the vessel were 
aborted. Among the eight patients with eight tandem stenotic 
lesions, six had the most severe lesion dilated first and two 
patients (Cases 20 and 21) had the most proximal but least 
severe lesion dilated first. In most of these cases, a large 
intimal tear was seen before occlusion. Hypotension was 
MULTIVESSEL PTCA MULTI-LESION 
SINGLE VESSEL PTCA 
Ropeat PTCA only 
CK > 1000 u/L 
n=2 
Repeat PTCA only 
l-l=8 
rarely a consistent part of the mechanism for acute reocclu- 
sion. In the three patients whose occlusion occurred after 
they had left the laboratory (Cases 16, 17 and 19), intimal 
tearing was described at the first angioplasty site before the 
occlusion. Q wave myocardial infarction occurred in two 
patients (Cases 14 and 22). Only one patient (Case 16) 
underwent emergency open heart surgery because attempts 
at reopening the occluded mid right coronary artery were not 
successful. 
Postangioplasty complications. In comparing the multi- 
vessel and single vessel groups, the mean maximal increase 
in creatine kinase after angioplasty was statistically signifi- 
cantly lower in the single vessel multilesion group than in the 
multivessel group (563 ? 525 versus 1,749 2 1,102 U/liter; 
p < 0.01). Four of the 10 patients in the multivessel group 
versus 8 of the 12 patients in the single vessel group have not 
had further complications. Five of the 10 patients in the 
multivessel group had emergency open heart surgery in 
comparison with only 1 of 12 in the multilesion single vessel 
group. 
Discussion 
Incidence of postangioplasty closure. The original investi- 
gators (5) recommended limiting coronary angioplasty to 
single vessel single lesion disease. With improvement in the 
technique, angioplasty has been performed in elderly pa- 
tients, patients with poor left ventricular function and pa- 
tients with multilesion or multivessel coronary disease (6-9). 
The incidence rate of acute occlusion in our 714 patients was 
2.9% per patient in the multivessel angioplasty group and 
3.3% per patient in the multilesion single vessel angioplasty 
group. This is similar to the reported incidence of acute 
occlusion in the series of patients undergoing predominantly 
single vessel angioplasty. The Emory group (3) reported an 
incidence rate of 2.1% in 935 cases. In a larger and more 
recent report, Ellis et al. (10) reported an incidence rate of 
4.4%, Simpfendorfer et al. (4) reported an incidence of 2.1% 
in 1,500 cases at our own institution, Marquis et al. (11) 
Figure 1. Comparison of outcome between multivessel 
angioplasty (FTCA) group (n = 10) (lef? circles) and 
multilesion single vessel angioplasty group (right cir- 
cles). For further explanation see text. CK = creatine 
kinase; OHS = open heart surgery; Q-MI = Q wave 
myocardial infarction. 
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reported an incidence rate of 11% and Dorros et al. (12) in 
the National Heart, Lung and Blood Institute Registry an 
incidence rate of 4.6%. 
Definition of acute closure. The definition of acute occlu- 
sion was different among the preceding studies. Hollman et 
al. (3) and Simpfendorfer et al. (4) included only patients 
who had acute occlusion after leaving the laboratory, 
whereas Ellis et al. (10) included all patients with acute 
occlusion during the hospital stay. In our current study, 
patients with acute occlusion in the laboratory are included 
because some of them had complications necessitating emer- 
gency surgery. 
Single vessel multilesion angioplasty. The single vessel 
multilesion procedure does not cause any problems in addi- 
tion to those known for a single lesion procedure alone. 
However, within this group of patients undergoing multi- 
lesion angioplasty, acute occlusion tends to occur more 
frequently in those with circumflex artery disease than in 
those with left anterior descending or right coronary artery 
disease. This effect may be due to the more difficult anatomic 
approach to the circumflex vessel system, although it cer- 
tainly may also be due to chance alone. 
Multivessel angioplasty. Previous investigators (1,5,13) 
have described multilesion angioplasty as complex angio- 
plasty and have not separated single vessel multilesion 
angioplasty from angioplasty in which more than one system 
vessel is dilated. The complications after acute occlusion 
(for example, myocardial infarction, creatine kinase increase 
and the necessity for emergency bypass surgery) are clearly 
higher in patients with multivessel angioplasty than in pa- 
tients with single vessel multilesion angioplasty. For this 
reason, those investigators (14-20) reporting results in 
“complex angioplasty” will provide better information if 
they separate single vessel multilesion cases from multives- 
se1 cases. 
Simultaneous closure of two vessels. Patients 2, 3 and 5 
represent the possibility that more than one vessel may close 
simultaneously. Patients 2 and 3 could be treated with repeat 
angioplasty only; Patient 5 required emergency bypass sur- 
gery. The difference among these patients was principally 
the amount of myocardium at risk. 
Factors predisposing to acute closure. Similar to earlier 
studies (3,4), a large intimal tear and hypotension were 
predisposing factors to the acute occlusion syndrome. More- 
over, in multivessel dilation, frequently the first artery 
closed when hypotension was induced during the second 
vessel attempt. For this reason, if the first angioplasty results 
in a large intimal tear or the patient is relatively hypotensive, 
or both, the procedure might be safer if the second vessel 
angioplasty is deferred to another day. 
Staged procedure. The results reported here include only 
patients undergoing multivessel angioplasty as one proce- 
dure. Patients with multivessel disease undergoing multives- 
sel angioplasty on separate days as single vessel attempts are 
not considered to be multivessel angioplasty. 
Conclusions. Multivessel angioplasty and multilesion sin- 
gle vessel angioplasty are a challenge for modern and more 
effective treatment of coronary heart disease. Acute occlu- 
sion appears to be no more common in multilesion single 
vessel angioplasty than it is in single vessel single lesion 
angioplasty. More important, the complications of myocar- 
dial loss appear to be no greater in multilesion single vessel 
angioplasty. Acute occlusion in multivessel angioplasty has 
a higher complication rate; more than one vessel may 
simultaneously occlude. Although staged multivessel angio- 
plasty is less cost-effective, it should be undertaken when a 
large amount of myocardium is at risk. “Staged angioplasty” 
might also be the best approach when the patient is relatively 
hypotensive or when intimal tearing at the first angioplasty 
site makes this vessel more likely to undergo acute occlu- 
sion. 
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